This longitudinal study assessed growth and vitamin A status of schoolchildren after earlier surveys had linked stunting among Jordanian children to dietary zinc and iron inadequacies. A group of 1,023 subjects ages 5.5 to 9.9 years were randomly recruited for study from seven disadvantaged semirural districts. Baseline assessment included anthropometric and laboratory data with the relevant dietary information. Over nine months of study, the subjects received a daily snack meal. Immediately before the final assessment, each student received one 100,000 IU vitamin A capsule. At baseline there was a 19.9% prevalence of stunting, 18.8% for anemia, and 21.8% for subclinical vitamin A deficiency. Mean and median serum retinol concentrations were 248 (sd ± 66) and 242 µg/L, respectively. In 98% of the cases, vitamin A-rich vegetables were consumed three or more days per week. About 60% of subjects had serum retinol levels in the range 200 to 300 µg/L. Only vitamin A foods from animal sources showed an influence (p < .05) on mean serum vitamin A values and growth score. Dietary and capsule supplementation had a significant positive impact only on serum retinol levels (p < .01) and on the anemia (p < .05) indicators. The conclusion underlines vitamin A deficiency among schoolchildren as a public health problem, and that the situation is anticipated to be more profound among preschool children, who are usually at greater risk of becoming deficient. Launching another, but controlled, intervention study in other sites, preferably with use of a tracer to rule out malabsorption in young children, is highly indicated. Key words: vitamin A (VA), serum retinol concentration µg/L (SRC), linear growth score (height-for-age Z score), relative ponderal growth score (weight-for-height Z score), hemoglobin (Hb)
Introduction Overview
The causality link between vitamin A deficiency (VAD) and xerophthalmia, the preventable nutritional blindness that hits young children in many developing communities, has been recognized for many decades. Besides, VAD is well documented as a significant contributor to severe infections, including diarrhea, and to increased vulnerability to other nutritional disorders, such as iron-deficiency anemia [1] . Over the second half of the twentieth century the study of VAD increased among health researchers and planners in the majority of developing countries. Unfortunately, this concern about VAD was not observed in Jordan for over three decades, ending only in the mid 1990s.
National research
During the early 1960s, two important health surveys on VAD were carried out in Jordan. The first, sponsored by the WHO, was a clinic-based intervention study on a group of young children who were admitted to hospitals with ocular signs of xerophthalmia [2] . This study estimated that there were more than 300 cases of clinical VAD in a one year period. The mean serum retinol concentration (SRC) in this trial was about 55 µg/L. The second survey, which was known as the Jordan Pediatric Study [3] , reported that about 37% of the children under five years old had a mean serum vitamin A falling below the cutoff point (200 µg/L). The community-based nutrition research continued, with an almost total disregard of VAD. Exclusively, the focus encompassed areas of infant feeding, the epidemiology of anemia, and child growth deficits which reflected poor diet and general malnutrition [4] [5] [6] [7] . The appar-High prevalence of subclinical vitamin A deficiency in Jordan: a forgotten risk Mention of the names of firms and commercial products does not imply endorsement by the United Nations University.
Ibrahim Mahmud Dib Khatib ent reason for this evasion of VAD was the absence of a specialized laboratory capable of testing for vitamin A; the expertise was lacking and the equipment was not affordable.
With the global concern for child undernutrition in the early 1990s [8, 9] and the increased evidence of the importance of the roles dietary micronutrients play in health and disease [10, 11] , the local nutrition researchers began to look at the child-growth deficiency in the country as a consequences of a hidden type of hunger. Two consecutive surveys for the study of growth of infants and children [12, 13] were launched. With the finding that growth stunting begins only during late infancy [12] [13] [14] and continues afterward at a prevalence rate that exceeds 15%, assessment of weaning diets for old infants and feeds for weanlings pointed to the possibility of dietary inadequacies of iron and zinc intakes [12] . The dietary information collected failed to indicate the likelihood of a concomitant inadequacy of dietary vitamin A (VA) (table 1) However, when rusks, fortified with both iron and zinc, were introduced at mid-infancy, only limited, though significant (p < .05), improvements in the growth curves of older infants were achieved [13] . This finding was a sufficient indication for considering the repetition of the study with one essential modification. Clearly there was a justification for incorporating some other micronutrients, including vitamin A, in any supplement mixture to be used in future nutritional interventional trials. This conclusion on the need for bringing VAD to light again became justifiable more than ever after the risk of iodine deficiency become more under control with the legislation for the iodination of food grade salt that was issued in 1995 [15] .
In the summer of 1997, A VAD-pilot study in three moderately advantaged rural areas near Amman was carried out with support from the WHO and UNICEF. Serum retinol of 400 children under five years old was measured [16] . High performance liquid chromatography (HPLC) was used to assess vitamin A status [17] . About 35% the study subjects had serum retinol concentration (SRC ) below 300 µg/L (table 1) . Such a finding was salient since blood sampling took place in July, the peak season of vegetables and fruits in Jordan, and the study sample was selected from a relatively well-to-do population. From a nutritional standpoint, this was alarming, and warranted a replication of the trial in other population sectors, and at different times and locations. Based on the success of the VA-pilot trial, a laboratory able to handle analysis for larger scale surveys on VAD was set up at the campus of the Jordan University of Science and Technolgy in 1998.
The Ministry of Education initiative
Influenced by the spreading awareness of importance of micronutrients in child nutrition, Jordan's Ministry of Education (MOE), with support from the Social Security Package Program at the Ministry of Planning, initiated a 'school snack service' (SSS) in September 1999. Immediately before beginning the snack distribution, the MOE-steering committee of the SSS advocated a scientific evaluation of the impact of the service to be carried out along with the snack distribution activity. Upon short notice from the MOE, this uncontrolled longitudinal study was launched the first week that snack distribution began. The study design was tailored to accomplish the objectives set in advance by the MOE. 
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Study objectives
The study evaluated the impact of serving a mid-morning snack on growth and nutritional status of primary schoolchildren. According to the SSS plans, the population targetted to benefit from the snack service and to be studied included only primary schoolchildren in the first three elementary grades, who lived in villages and hamlets of seven of the less furtunate Jordanian districts.
Methods
Study design
As the MOE initiated the SSS to be an uncontrolled, food-based supplementation project, this study had to follow the longitudinal approach that entails carrying out 'before' and 'after' assessments. The survey investigations were carried out in two phases, at the start and at the end of the nine month period of snack distribution. Baseline (before) data were collected during the first week of September 1999 . This 'phase 1' assessment included the collection of blood and serum samples for laboratory testing, measurement of major anthropometric indicators, and the recording of basic dietary information for each of the study subjects. Phase 2, the final (after) assessment included the collection of laboratory and anthropmetric data and the field work was carried out near the end of May 2000, a few days before the cessation of the SSS project activities.
Research assistance
A team of 22 research assistants, all university graduates and representing the disciplines of nutrition, nursing, and biotechnology, assisted in the field work. An intensive two-day workshop was held for all the team members just before departure to the field. The workshop was meant to ensure quality performance in the field work, with a special emphasis on the standardized application of anthropometry. The exercise evoked scientific stimulation and enthusiasm among the field workers, and thus their readiness for coping with the anticipated harsh conditions of the distant survey locations.
Subjects
The districts which the government records refer to as under-advantaged represent the south, east, and west regions of the country. Seven of these districts were targeted for snack distribution under the SSS tentative program. The were approximately 10,000 primary schoolchildren, all registered in the first three elementary grades. Families of the snack recipients were semirural, scattered in 218 villages. The pre-determined sample size was 10% of the study population. At the onset of phase1 Jordan's General Department of Sta-tistics helped in the random selection of the sample by cluster sampling. Primary schools in 38 villages were selected as representative sites. At each of the schools, students were randomly selected. Each school subsample included only the apparently healthy subjects. On the day of the school visit, each student who showed no obvious signs of illness was considered eligible for participation in the study. The purpose of applying such a strict condition was the elimination of the probable effect of an on-going illness on the biochemical and hematological readings. Of 1,048 children selected from the 38 schools, 1,023 were studied in both phases of the survey. All were between 5.5 to 11.0 years old. These subjects came from villages that represent the regions of Aqaba (n = 112), Karak (n = 32), Ma'an (n = 79), Tafeelah (n = 234), Dair-Alla (n = 130), South Shoenah (n = 180), and North Badia (n = 256). However, to avert the confounding effect of puberty on the growth scores of study children, statistical analysis of anthropometric data was confined to those children who were in the 5 to 9.9 year-old age group. There were 604 girls and 419 males. For the dietary assessment by direct interview and the 24-hour dietary record, only subsamples of children and mothers were recruited.
Supplements
Each subject received the snack five times a week during the nine months of the study, It consisted of a 50g pack of iron fortified biscuits, 100 ml of sterilized fresh cow's milk, and one small sized piece of fruit; the snack fruit-alternatives that changed every week were apples, oranges, and bananas. The biscuits were enriched with 3.5 mg ferrous sulphate. In late April 2000, and upon the preliminary findings of the phase1 assessment which revealed an unforeseen shortcoming of the SSS, the Ministry of Education distributed an additional supplement in the form of a vitamin A oil capsule to all the subjects. Each subject received only a single dose of 100,000 IU retinyl palmitate three weeks before the final assessment was carried out.
Data collection
Anthropometric, basic dietary, and laboratory data were collected. All the anthropometric data were collected following the standard methodology recommended by the WHO expert groups [18] . Standardization of growth measurements was applied in the field at all stages. Height measurements were to the nearest 1 millimeter, and only averages of duplicate readings were recorded. An adult-type Seca beam balance scale (Vogel and Halke GmbH-Hamburg, Germany), reading up to 200 kg was used to measure weight. The children, wearing only underwear, were weighed with measurement precision of 100g. Mid-upper arm circumference (MUAC) and arm triceps skinfold thickness (SFT) were also taken. However, these were found to add little extra weight to the analysis of major anthropometric indicators.
At baseline, a dietary questionnaire highlighting the child's consumption of various food categories was administered. At a later stage, a 24-hour dietary record technique was used to obtain information to calculate the child's nutritional intake of major nutrients.
Immediately after blood samples were obtained, simple hematological tests, hemoglobin (Hb) and hematocrit (PCV), were done in the field. Serum was separated from the blood samples on the spot. The sera were primarily needed for the assessment of serum retinol and ferritin concentrations. For the hemoglobin measurement the Drabkin's spectrophotometric method was applied.
A 3 ml venous blood sample was obtained from subjects using a syringe with 21 gauge needle, and transferred to a 5 ml plain tube. These were rapidly wrapped with carbon paper. Immediately before centrifugation for serum separation, capillary pipettes were used to withdraw the required blood volume for hemoglobin and hematocrit testing. Serum was kept in polyethylene vials and immediately placed in a cooler. The vials were frozen in an ordinary refrigerator until transported to the Jordan University of Science and Technology laboratories and stored at -20°C. Direct exposure to natural light was avoided throughout the whole collection process. The sera collected were tested within the first week of storage; laboratory testing included the determination of serum retinol and ferritin concentrations.
Data analysis
Derivation of anthropometric indices and the prevalences of stunting and wasting, were computed using 'Anthro.' the CDC/WHO package [19] . The Statistical Package for Social Studies (SPSS), Version 4 was used for other statistical analyses. The cutoff point used to identify malnutrition was a Z score less than -2 SD.
Results
The recipient children's socioeconomic status (SES) was apparently very low, as labelled by the SSS project. On the other hand, the results of the statistical data analyses indicated a wide spectrum of information that revealed unknown aspects of child nutrition in the study area.
A cutoff point at the level of two-thirds of the RDA was set to estimate nutritional inadequacies. At baseline, dietary assessment by the 24-hour diary method showed that habitual daily dietary intakes of the schoolchildren were not far below the RDA reference cutoff values (table 2). The nutrients estimated were: energy 92%, protein 82%, vitamin A 67%, calcium 76%, and iron 62%. However, with the snack contributing about 25% of the RDA, the total intake during the study period was deemed fairly adequate (table 1) . Obviously, most of the daily protein intake came from cereal foods (bread, rice, crackers, and biscuits) and powdered cow's milk.
The phase 1 results showed high figures for the prevalence of stunting (low Z score values for heightfor-age). On the other hand, the prevalence of wasting (low Z scores for weight-for-height) was minimal. The Prevalence of stunting was 19.6% with no apparent sex differences (table 3) . There were no observable changes in anthropometric indicators during the course of snack supplementation (table 4). The occurrence of such significant stunting was not unexpected in the light of previous reports of the 1990s [12] [13] [14] .
At baseline there was a high prevalence of vitamin A deficiency (VAD) in most of the study districts (table 5). The mean and median serum retinol concentrations for the population under study were 248 ± 66 µg/L and 242 µg/L, respectively. The overall prevalence of VAD averaged 21.8 %. Except for the district of Tafeelah, all districts have a VAD prevalence of 20% or higher, with North Badia at 33.8%. These findings were somewhat surprising since more than 98% of subjects reported that they consumed vitamin A-containing foods three or more days per week. There was an overall decline in these prevalence rates after the snack supplementation and the vitamin A capsule (table 6) . When the high prevalence rates of VAD and stunting were analyzed on the basis of diet the consumption of meats, but not vegetables, had a crucial role. Consumption of meat had a significantly positive impact on vitamin A status (p < .05) and a higher impact (p < .01) on linear growth achievements (weight-for height) (table 7) . The serum retinol concentration of non-stunted children (250 ± 69 µg/L) was significantly greater than that of the stunted children (235 ± 63 µg/L) (p < .005). No significant sex-linked differences were detected in the Statistics were assumed valid throughout the study period.Only one100,000 IU retinyl palmitate capsule was given as a supplement near the end of the period.
High prevalence of subclinical vitamin A deficiency in Jordan baseline vitamin A values. Mild to moderate anemia was common in young schoolchildren. The mean hemoglobin concentration of th schoolchildren was found to be 11.9 g/dl (table 8) , with prevalence of anemia (Hb < 11.0 g/dl) of about 18.8% (table 9 ). The prevalence of severe anemia was less than 0.3 , indicating the presence of iron-deficiency anemia. The baseline mean serum ferritin concentration was 15.3 ng/ml. After the snack supplementation (p < .01) the mean serum ferritin value increased to 15.9 ng/ml (p < .01) (table 8) . As a result, the proprtion of children with suspected iron deficiency dropped from 15.2% to 10.1% level (table 9) .
Although there were no sex-related differences observed at baseline, after the snack-supplementation hemoglobin levels of the girls increased significantly (Hb = 12.2 g/dl) (p < .005) as compared to the boys (mean Hb = 12.0 g/dl). No reason for this inter-gender difference in hemoglobin values could be identified. A further inter-gender difference was related to weightfor-height (table 10). The explanation for this finding could be that male children were leaner than the females, particularly in those whose puberty onset was imminent.
The results underlined three common nutritional disorders among schoolchildren in the study; VAD, anemia, and stunting (table 11) . With the exception of Tafeelah, children in all the study districts suffered from these disorders. Tafeelah is a hilly area with relatively fertile soil; olive trees are grown in this district, and the consumption of olive oil is common. At baseline linear growth levels did not correlate with hemoglobin or with serum retinol levels. This indicated a possibility of a past or a chronic type of nutritional deprivation. In fact, this agreed with earlier studies, which micronutrient-deficiency states were implicated in the evolution of stunting starting from midinfancy [12, 13] . On the other hand, there has been a long-standing awareness of anemia among Jordanian physicians and researchers. Accordingly, the focus on anemia and the interest in taking action to alleviate it would be expected to continue. Thus, only the figures on the prevalence of subclinical VAD in schoolchildren were found stunning (table 11). Such findings indicate failing health standards, and therefore merit recognition by nutrition and health researchers as a reminder of the early 1960s surveys [2, 3] .
Discussion
Early studies affirmed that stunting evolves gradually after mid-infancy, and that the enrichment of infant weaning foods with selected micronutrients may alleviate the problem [12, 13] . Apart from zinc and iron, vitamin A may be the key component in the selection of micronutrients to be considered for all supplementary preparations aiming at the prevention of childhood stunting in the country.
The socioeconomic constraints in the study area seemed to influence nutritional status in general, and the development of anemia, in particular. According to the prevalent prices and the cost of living in Jordan, expenditures for food were limited which ultimately has had an impact on the availability of quality food in the household. Under normal circumstances, along with the abundance of cereal foods in all meals in Jordanian households, appreciable amounts of items from the other food groups are generally served. With increasing economic constraints, the consumption of cereal foods becomes proportionally larger and meats less. Deviances from an average balanced diet, that is based on the four major food groups, are more common today than in earlier years. This is most likely to be attributed to continuing deterioration of the purchasing power of the local currency, the Jordanian Dinar (JD). Dietary deviances from the norm seem to affect the vitamin A status of young schoolchildren. Based on recent WHO-criteria [20] , the finding that subclinical VAD in the under-developed sectors of Jordan's population exceeded the 20% prevalence cutoff point, has put the country on the of list countries imperiled by VAD as a public health problem. Moreover, this scientific opinion has been underlined further with a general trend of low serum retinol values found in in the studied subjects. At baseline, the percentage of children with subclinical VAD (SRC < 200 µg/L), or being at risk of becoming deficient (SRC 200 to < 300 µg/l) was 82.2% (table 5) . From another standpoint, this study has highlighted a more alarming situation in the country, since the epidemiology of VAD is known to be more common in the preschool years. The exceptionally high prevalence of subclinical VAD has affected the villages and small hamlets in the North Badia, followed by Aqaba and Ma'an, more than other the sites. These three areas are the furthest from the capital, Amman, High prevalence of subclinical vitamin A deficiency in Jordan the poorest, and have the least fertile soil for agriculture. Beside poverty linked-shortages of foods from animal sources, choices of vegetables and fruits were found to be inappropriate. Apart from tomatoes, which are the most popular vegetable consumed by Jordanian households, the vegetable choices are generally carotenoids-poor food items. Without the vitamin A supplement-capsules, the school snack as it was formulated and distributed by the SSS program was not sufficient to overcome VAD among the young schoolchildren.The overall supplementation trial, however, succeeded in alleviating anemia and in peventing further stunting. Therefore, and upon the completion of the 'before' and 'after' snack assessments, a conclusive report was submitted by the Ministry of Education at the end of December 2000. The study report recommended the continuation and expansion of the snack program, with some reasonable modifications. Children under five years old, who are generally known to be at greater risk of developing VAD, need to be studied for this hidden VAD problem. From a national perspective, it is a peculiar finding to have VAD becoming endemic while the country is famous for vegetable production and exportation. The proportion of the childs' diet derived from animal sources is not only a determinant of iron and zinc status, but also a support for serum vitamin A sufficiency. The abundance of vegetables in the Jordanian childs' diet seemed to fail to provide an adequate vitamin A supply. Further methodical investigations with emphasis on the VAD issue are warrented. This study needs to be repeated, but with the use of a contol group. The prospective controlled study should continue the use vitamin A capsules as basic supplements, and should be conducted in other areas and on different sectors of the population. The capsules are helpful tools for checking the vitamin A status of the recipients as assessed by their serum retinol concentrations. With capsule supplementation, retinol values would be expected to remain relatively stable for at least two to three months. On measuring serum retinol concentrations, the values would be higher than baseline if recipients were depleted prior to supplementation or near baseline levels if they were not depleted. By the fourth month, it is likely that there would be a decline toward the baseline level among populations whose underlying diet was constant and another supplement had not been given. According to these guidelines, it would be necessary to wait for one month after supplementation before taking the follow-up blood samples (B. Underwood, personal communication, 2000). Launching a tracer based-community study should also be considered, whenever a well-developed and safe methodolgy becomes available.This sort of tracer-research work is indicated since it may help ruling out impairment of intestinal absorption and assimilation of carotenoids in the affected children. 
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It is well-known that there are similarities between Jordan and some neighboring countries.These include ethnicity, cultural background, socioeconomic structure, climate, soil, traditional dishes and eating habits, and other socioecological features. Based on this fact, it is likely that subclinical VAD also affects these countries, with a more or less similar pattern as in Jordan. This study, therfore, signifies the importance of united efforts among researchers in the Eastern Mediterranean region.They ought to agree to initiate a coordinated international VAD-research effort in the region to investigate the epidemiology of the disorder and adopt a sound and cost-effective strategy to overcome it. Within this context, each party will benefit, at least, from exchanging views and experiences. Such a regional campaign would gain a lot of support from many international agencies involved in the combat against VAD in the world.
